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Address inqui r ies  and all appl icat ions for  license for 

this invention t o  NASA P a t e n t  Counsel, EASA Pasadena Office, 

.Nail Code I, 4800 Oak Grove Drive, Pasadena, Cal i forn ia ,  91503. 

Approved NASA forms for npplicGtion f o r  nonexclusive or exclusive 

license are avai l  able from above address. 
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TO ALL WHOM IT M Y  CONCERN: 

BE IT KNOWN THAT WE, J O H N  HOUSEMAX, JACK H. R W E  

a d  RAYMOND KUSHIDA, a l l  c i t i z e n s  of the United S t a t e s  

of herica, res id ing  at Pasadena, Sunland and Los Angeles 
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respec t ive ly ,  all in the County of Los Angeles, S ta te  of 

California,  have invented a new and useful 

EYDIIOGEN RICH GAS GEiiERAMR 

of which the  fol lowing is a spec i f i ca t ion:  

ABSTMCT OF THE D I S C I W U F E  - 

A process and apparatus LS described for producing 

a hydrogen r i c h  gas from l i q u i d  hydrocarbons and w a t e r  by 
:-- 

m e a n s  05 the s t e m  refarming process using a p a r t i a l  

oxidation approach. 

3RI';IN OF TYE INVENTION 

The invent ion  described 1,;rein was made in the  

performance of work under a NASA contract  and is s u b j e c t  

to the  pr0visior.s of S e c t i o n  3 0 5  of tk.2 National Aeronautics 

and S2ace A c t  02 1958, Publ ic  Law 85-568 ( 7 2  Stat .  435; 

42 L'SC 2457) .  



AWARIIS ADSTRACT 

Inven to r s  : John €Iouscman , 
Jcrck &I.  Rupc and 
Kdymond 0 .  Kushida 

NASA Case No. NPO-13342-1 
'4.. 

Contractor :  C a l i f o r n i a  I n s t i t u t e  
of Technology/Jet P opuls ion  La4 

Contract  NAS7-100 fA GA* 

HYDROGEN RICH GAS GENERATOR 

The object of t h i s  i nven t ion  i s  to provide a compact, i n s t a n t  
s t a r t i n g ,  l o w  cost, and p o r t a b l e  hydrogen r ich gas gene ra to r  t o  be  
used fo r  provid ing  hydrogen r i c h  gas  €or mixing wi th  t h e  f u e l  used 
in i n t e r n a l  combustion engines  whereby t h e i r  p o l l u t a n t  emissions 
are minimized. 

Figure 1 shows, by way of example, the proposed placement of 
t h e  hydrogen g e n e r a t o r  20, t h e  air ,  water and f u e l  pumps, r e spec t -  
i v e l y  36, 34, 28,  r e q u i r e d  for i t s  ope ra t ion ,  and a w a t e r  supply 
30, under t h e  hood of an automobile. 

a c o n t a i n e r  having o u t e r  and i n n e r  w a l l s  40, 42 wi th  i n s u l a t i o n  
44 therebetween. A t h i r d  w a l l  46, spaced from the i n n e r  w a l l  42 
def ines  an a i r  passage for  conduct ing a i r  i n j e c t e d  i n t o  t h e  passage 
nea r  one end of t h e  c o n t a i n e r  so that  it passes  around t h e  combustion 
reg ion  t o  be preheated.  The a i r  i s  d i r e c t e d  t o  the  o t h e r  end of 
t h e  chamber where i t  is  directed by b a f f l e s  around a p l u r a l i t y  of 
p ipes  50 t o  cool t h e  hydrogen r i c h  gas pass ing  through these p ipes  
f r o m  the combustion chamber to  t h e  a u t o  engine.  The heated a i r  is 
then  emitted i n t o  an  i g n i t i o n  area 6 0 ,  i n  t h e  chamber where it is  
mixed w i t h  a hydrocarbon f u e l .  The mixture  is i g n i t e d  by a means 
such as a hot  w i r e  p lug 64 t o  form hot  gases .  A water sp ray  is 
emi t ted  through tubes  6 6 ,  6 8  i n t o  t h e  hot  gases  to produce steam, 
when a predetermined temperature  of t h e  h o t  combustion gases  is  
sensed by a s e n s o r  82 .  A t  t h a t  t i m e ,  more hydrocarbon f u e l  is  
i n j e c t e d  i n t o  t h e  hot  combustion gas  and steam t o  be Fefomned 
i n t o  a hydrogen r i c h  gas.  T h i s  is collected by t h e  p ipes  50. 

F f i u r e  3 shows a c o n t r o l  system for  s t a r t i n g  up and fo r  
s h u t t i n g  down the  hydrogen r i c h  gas  genera tor .  Upon t u r n i n g  on, 
an i g n i t i o n  key 83 t u r n s  on f u e l  pun? 2 8 ,  opens an i g n i t i o n  va lve  
94, and a small q u a n t i t y  of f u e l  is i n j e c t e d  o n t o  a h o t  w i r e  device  
76 i n  t h e  chamber. -4 t e m p e r a t u r e  s e n s o r  80 s enses  when t h e  h e a t  
produced i s  s u f f i c i e n t  t o  i g n i t e  t h e  i n j e c t e d  a i r  and f u e l  mixture.  
When t h i s  temperature  i s  sensed a valve 1 0 0  i s  opened pe rmi t t i ng  
t h e  i n j e c t i o n  of f u e l  so t h a t  it i s  mixed with t h e  a i r .  When 
temperature sensor 8 2  senses a h igh  enough combustion gas  tempera- 
t u r e ,  it opens a reformer va lve  138 to permit  i n j e c t i o n  of hydro- 
carbon f u e l  i n t o  t h e  chamber and starts a water pump 38 t o  p m p  
water as a spray  i n t o  t h e  chamber. 

Figure 2 shows one embodiment of the  inven t ion  c o n s i s t i n g  of 

A p p l i c a t i o n  Ser ia l  No. 3?0,049 
F i l e d :  August 20, 1973 
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When t h e  i g n i t i o n  key is tu rned  off a coun te r  114 is started 
up. Upon i t s  f irst  count, it closes t h e  reformer va lve  108 
c u t t i n g  off i n j e c t i o n  of f u e l  i n t o  t h e  steam reforming r e g i o n  of 
t h e  chamber. On the second count ,  t he  water pump 38 is s h u t  down. 
On t h e  t h i r d  count ,  t h e  niain f u e l  va lve  100 is tu rned  off. On 
t h e  f o u r t h  count ,  t h e  f u e l  pump 28 and t h e  a i r  compressor 36 are 
tu rned  off . 

Figure  4 shows ano the r  hydrogen r i c h  gas g e n e r a t o r  arrange-  

The prehea ted  a i r  is mixed wi th  f u e l  

ment. Hei.e, a i r  is prehea ted  as before  by pass ing  through a 
passageway inc lud ing  b a f f l e d  gas c o l l e c t i o n  p i p e s  and a spac ing  
between w a l l s  118 and 122. 
sprayed i n t o  t h e  chamber by a nozz le  130. An i g n i t e r  132 i g n i t e s  
t h e  mixture  t o  form a n  i g n i t e d  hydrocarbon a i r  mixture.  
moves down t h e  chamber where w a t e r  is sprayed by nozz les  134, 136 
t o  form steam. F u r t h e r  downstream, f u e l  i s  sprayed by nozz le s  
133,  140 to form a hydrogen r i c h  gas. 
p i p e s  126. 

Figure 5 shows s t i l l  a n o t h e r  embodiment of t h e  invent ion .  
A pneumatic a tomizer  i n j e c t s  a preheated a i r  and f u e l  mixture i n t o  
a chamber 143 which connects  w i t h  a n  a i r  swirler 164 i n t o  a 
combustion chamber 150. The a i r  swirler causes  a v o r t e x  which is 
i g n i t e d  by plug 1 6 6 .  The hot combustion gases  which are formed 
have an  a i r ,  w a t e r  and f u e l  mixture  sprayed i n t o  them by a pneumatic 
a tomizer  168 whereby a hydrogen r i c h  gas  is  formed. 
emi t ted  through a t u b e  1 7 2  a t  one end gf t h e  chamber 150. 

This  

This is ca r r i ed -away  through 

Th i s  i s  

The nove l ty  r e s i d e s  i n  t h e  p h y s i c a l  arrangement of t h e  genera- 
t o r  for gene ra t ing  t h e  hot combustion gas  by i g n i t i n g  a mixture of 
prehea ted  a i r  and f u e l ,  i n j e c t i n g  water i n t o  t h i s  gas t o  form steam 
and i n j e c t i n g  f u e l  i n t o  t h i s  steam t o  form a hydrogen r i c h  gas. 
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BACKGROUND OF THE INVENTION 

1. Fie ld  of t h e  Invent ion:  

This  invent ion  relates t o  hydrogen generators, 

and more p a r t i c u l a r l y  t o  improvements t h e r e i n .  

5 2. Descript ion of t h e  P r i o r  A r t :  

Because of t h e  cons iderable  amount of a i r  p o l l u t i o n  

caused by o p e r a t i o n  of t h e  automobile engine,  a cons ide rab le  

amount of r e s e a r c h  has been undertaken t o  see i f  t h e  i n t e r n a l  

combustion engine can be made p o l l u t a n t  free. 

which appears  t o  be very promising, i s  t o  use  a f u e l  c o n s i s t -  

i n g  of a mixture  of a hydrogen r i c h  gas  wi th  t h e  hydrocarbon 

f u e l ,  such as g a s o l i n e ,  p r e s e n t l y  being used, and a i r ,  i n  

propor t ions  so t h a t ,  the mixture ,  a t  most, is on t h e  very  

l e a n  s i d e  and y e t  is st i l l  flammable. 

e x i s t s ,  however, of provid ing  a hydrogen g e n e r a t o r  t h a t  is 

s u f f i c i e n t l y  compast..to be convenient ly  carried w i t h i n  a 

passenger automobile. The hydrogen gene ra to r  must also be 

able t o  start gene ra t ing  hydrogen fast enough, when engine  

start  up occurs, t o  provide quick ,  p o l l u t i o n  fpee  a u t o  

20  engine start up. Other requirements for a hydrogen g e n e r a t o r  

One approach, 

1 0  

The problem s t i l l  

15 

of t h e  type i n d i c a t e d  are t h a t  it must have a long ,  t r o u b l e  

free l i fe t ime ar i ,  t h a t  it be safe and economical t o  ope ra t e .  

OBJECTS AND SUXYARY OF THE INVENTION 

An o b j e c t  of this invent ion  is t h e  p rov i s ion  cf 

25 a novel ai:d conpic t  gene ra to r  of a hydrogen rich gas. 

-2- 



Yet ano the r  o b j e c t  of t h i s  i nven t ion  is t h e  
. -  

provis ion  of a novel fas t  s t a r t i n g  gene ra to r  of hydrogen 

r i c h  gas. 

S t i l l  ano the r  o b j e c t  of t h i s  i n v e n t i o n  is t h e  

provis ion  of a hydrogen r i c h  gas gene ra to r  that  is safe 

and economical t o  opera te .  

s 

These and o t h e r  o b j e c t s  of t h e  inven t ion  may be 

achieved i n  a system wherein hydrogen rich gas  is  genera ted  

i n  a c y l i n d r i c a l l y  shaped chamber by i n j e c t i n g  a i r  and 

hydrocarbon f u e l  a t  one end of sa id  chamber, i g n i t i n g  t h e  

mixture of said a i r  and hydrocarbon = u e l  t o  provide  very  

ho t  combustion gases ,  by par t ia l .  ox ida t ion  of the  hydrocarbon. 

10 

These gases move away from said i g n i t i o n  r e g i o n  to ano the r  

reg ion  where water is i n j e c t e d  t o  be turned  i n t o  steam by 

15  t h e  hot  combustian gases.  E i t h e r  s imultaneously wi th  t h e  

i n j e c t i o n  of water o r  subsequent ly  thereto, more hydrocarbon 
:- 

f u e l  is  in j ec t ed .  The steam which is formed mixes wi th  t h e  

hot  gases presen t  t o  y i e l d  a uniform h o t  gas  whereby a steam 

reforming r e a c t i o n  with t h e  hydrocarbon f u e l  t a k e s  place t o  

produce d hydrogen r i c h  gas. 20 

The novel  features of t h e  inven t ion  are set f o r t h  

w i t h  p a r t i c u l a r i t y  i n  t h e  appended claims. 

w i l l  b e s t  be understood from t h e  following d e s c r i p t i o n  when 

r ead  i n  conjunct ion wi th  t h e  accompanying drawings. 

The inven t ion  

- 3 -  



BRIEF DESCRIPTION OF THE DRALTNGS 

Figure 1 is a schematic drawing of an automobile, 

illustrating placement of this invention and associated 

components therein. 

5 Figure 2 is a cross-sectional view of a hydrogen 

generator in accordance with this invention. 

Figure 3 is a Pchematic illustration of a control 

system for a hydrogen generator in accordance with this 

invention. 

10 

15 

20 

Figure 4 is another embodiment of a hydrogen 

generator in accordance with this invention. 

Figure 5 is yet another embodiment of a hydrogen 

generator in accordance with this invention. 
:- 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is the same as the Figure 1 shown in an 

application for patent by J. Rupe entitled,"System For 

Minimizing Internal Combustion Engine Pollution Emission", 

(Attorney's Docket KO. 7 3 / 2 5 9 )  which is assigned to a 

common assignee. 

of this invention. Figure 1 shows an illustration of an 

automobile 10, having an engine 12, and a tank 14, in which 

Figure 1 is shown to pro**ide an appreciation 

-4- 
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t P L 3  hydrocarbon f u e l  i s  kept.  

an induct ion  tube  1 6 ,  wherein t h e r e  is  l o c a t e d  means for 

mixing a i r ,  hydrogen i*ich gas and hydrocarbon f u e l  i n  

propor t ions  which minimize t h e  p o l l u t a n t  emission of t h e  

engine.  A s u i t a b l e  arrangement f o r  an induc t ion  tube  

inc luding  appara tus  for  mixing and c o n t r o l l i n g  t h e  mixture 

propor t ions  is  shown and descr ibed  i n  an a p p l i c a t i o n  f o r  

p a t e n t  ecti t led,  "System For Mininizing I n t e r n a l  Combustion 

The engine is equipped with 
_ .  

Engine P o l l u t i o n  Emission" by Jack  H. Rupe S e r i a l  No. ----0 9 

filed----- , (Attorney 's  Docket No. 73 /259 ,  which i s  ass igned  

t o  a common assignee.  

There is a l s o  provided a n  a i r  t h r o t t l e  18 which 

is c o n t r o l l e d  from t h e  f o o t  peda l ,  by t h e  o p e r a t o r ,  and 

which deternit,es t h e  amount of a i r  permi t ted  t o  flow t o  t h e  

engine. Also, provided i n  accordance wi th  t h i s  irrvention, 

is a hydrogen gas  generatop. The hydrocarbon f u e l  i s  f ed  

i n t o  t h e  mixing means i n  rhe  induct ion  % b e  through a p ipe ,  

2 2 ,  i n  which t h e r e  is a f u e l  purnp 24. Ai-.-ther * i p e  2 6  

branches from t h e  p ipe  22  t o  couple  t o  a pump 2 8 ,  which is 

t sed  t o  supply hydrocarboir f u e l  t o  t h e  hydL-ogen gas gene ra to r  

20. A water supply 30 is  provided. A pipe  32 couples  t h e  

water supply t o  a piimp 34  whereby water is provided t o  the  

hydrogen generatop. An a i r  pump 36, i s  a l s o  employed €or 

applying a i r  u t d e r  pressure  t o  the  hydrogen genera tor .  

Figure 2 is a sectional view of a hydrogen 

genera tor  i n  accordancz w i t h  t h i s  invent ion .  A bel l -shaped 

-5-  



wall 40 encloses t h e  hydroi.,.zn gene ra to r .  T h e - e ' i s  dn 

i n n e r  w a l l  42, spaced f ron the o u t e r  bell--.naped w a l l  40, 

and therebetween, t h e r e  is placed t k e r s a l  i n s u l a t i o n  

material 44. Spaced froa t h e  i n n e r  w a l l  b2, to d e f i n e  an 

5 a i r  passageuay therebetween, is ano the r  w a l l  4s. 

Air, from coapressor  36 aider pres su re ,  i s  f e d  

t o  aii i n l e t  48, which d i r e c t s  the air  through an opsning 

i n  t h e  w a l l s  i n t o  t h e  passageway between t h e  w a l l s  42 

and 46. The w a l l  46 surrounds t h e  hot  r eg ion  of the  

10 hydrogen eenerator and therefore, serves t o  preheas the 

The a i r  is f u r t h e r  a i r  flowing through t h e  passageway. 

preheated i n  pass ing  between a set  of b a f f l e s  49 whic l  

c o n t r o l  t h e  a i r  flow around tubes  S O .  The tubes S O  conduct 

t h e  product gas from t h e  reactor reg ion  of the  hydrogen 

1 5  gene ra to r  t o  accumulator space 52,  and thence t o  zn 

e x i t  flange 54. 

A f t e r  passii.-., thmugh the h e a t  exchanger presented  

by b a f f l e s  49 and t h e  tubes 50 ,  the heated aLr Zs conducted 

by a passageway 56, 5 8 ,  i n t o  a p a r t i a l  ox ida t ion  reg ion  60. 

20 

A tube 62, t e rmina te s  i n  a nozzle th roagh which 

a spray  of l i q u i d  hydrocarbon is emi t ted  i n t o  the p a F t i a l  

ox ida t ion  reeion 60. TheTe, it n ixes  with a i r  e n t e r i n g  

fro% t h e  passageway 5 6 ,  58 ,  t o  p r o t i d e  a fuel r i c h  mixture.  

ihe e n t r a n c e  passageways placeiiient and t h e  v e l o c i t y  of t h e  

a i r  and the fuel are such  as t o  create a vor t ex  so tha t  

c.l 25 

-6-  



e x c e l l e n t  mixinz takes place. The mixture is i g n i t e d  

by a hot  wire or  spark i g n i t e r  64. The r e l a t i v e  q u a n t i t i e s  

of a i r  and f u e l  provided are such t h a t  on ly  p a r t i a l  

ox ida t ion  of tile .hydrocarbon t a k e s  p lace  b u t  s u f f i c i e n t  

a i r  is  provided so t h a t  carbon formation is avoided. 

Co&ustion t h u s  t akes  p l ace  under f u e l  r i c h  c o n d i t i o n s ,  

5 

so that very l i t t l e  n i t r i c  oxide is produced. 

of t h e  manner of i n t r o d u c t i o n  of t h e  f u e l  and air ,  a 

I n  view 

vortex-type flame is provided w i t h  a hign degree of 

tu rbu lence ,  which aids i n  nixing t h e  a i r  and t h e  f u e l  and 

which promotes flame s t a b i l i z a t i o n .  

10 

Water spray  tubes  66 ,  6 8 ,  are provided t o  i n j e c t  

water i n t o  the ho t  combustion gases produced by t h e  burning 

of t e h  hydrocarbon f u e l .  The water spray  i s  vaporized by 

t h e  gases t o  produce steam, which then  n ixes  w i t h - t h e  h o t  

p a r t i a l  ox ida t ion  gases t o  y i e l d  a uniform h o t  gas  a t  the 

end of t h e  combustion zone which i s  def ined  by t h e  walls 

70. 

15 

These w a l l s  are i n  t h e  form of an open c y l i n d e r .  

A second spray of l i q u i d  hydrocarbon is  intrcciuced 

i n t o  th.t region a t  t h e  end of t h e  con3ustion zone by a sp ray  

nozzle.  7 2 .  '?ne hydrocarbon d r o p l e t s  introduced by t h e  

second spray nozzle vaporize r a p i d l y  and a steam reforming 

r c s c t i o n  then  ra?ccs place w i t h i n  t h e  reactor space formed 

betweer, the  walls 70 and 46. As an  e x a q l e ,  the  r e a c t i o n  

20 

25 which occurs  i s  in accordance wi th  t h e  fol lowing formulas:  

-7- 



'8''18 ' 8CO + 17H2 

+ 16H20 -3 8C02 + 25H2 'SH18 

The first r e a c t i o n  r e p r e s e n t s  t h e  major me, 

5 t h e  l as t  t w o  r e a c t i o n s  are of lesser importance. The 

spray  nozzle  72 must be c a r e f u l l y  selected to  provide  t h e  

correct cone ang le  and sp ray  p e n e t r a t i o n  t o  i n s u r e  a 

uniform mixture of hot gas  and vaporized hydrocarbon i n  

t h e  reactor annulus  for  optimum r e a c t i o n  wi thout  soot 

10 format ion. 

Should 2t be d e s i r e d  t o  speed up the steam 

reforming a c t i o n ,  a c a t a l y s t  czn be p laced  i n  the r e a c t i o n  

space. 

con ta ins  no materials l i k e  lead or s u l f u r  t h a t  would poison 

This  w i l l  be p a r t i c u l a r l y  e f f e c t i v e  when t h e  f u e l  

15 t h e  c a t a l y s t .  

The r e s u l t i n g  h o t  product gas f l o w s  th rough the 

tubes  50 and is  p a r t i a l l y  cooled s i n c e  t h e s e  tubes c o n s t i t u t e  

a heat exchanger vhereby t h e  incoming a i r  takes  on t h e  h e a t  

of the  hot  product  gas.  The tubes  50 te rmina te  i n  t h e  

c o l l e c t i n g  annulus  space 52 and then t h e r e a f t e r  are d ischarged  

through the  f l ange  54.  

20 

The product gas  w i l l  s t i l l  be super-  

heated with r e spec t  to water upon l eav ing  t h e  r e a c t o r .  

it i s  d e s i r e d ,  t h e  product gas may be f u r t h e r  cooled down 

t o  condense out  t h e  water for r e c i r c u l a t i o n  back t o  t h e  water 

If 



feed tank.  A l s o  if d e s i r e d ,  t h e  a i r  s t r e a n  may be f u r t h e r  

preheated by using it t o  cool t h e  c y l i n d e r  block of t h c  

engine or  by h e a t  exchange wi th  exhaust gases  f r o m  t h e  

engine . 

For s t a r t - u p  purposes,  a tube  74 connected t o  

t h e  gas  pump 2 8  is used t o  spray  a s m a l l  q u a n t i t y  of hydro- 

carbon f u e l  on to  a h o t  w i r e  device 76. S p e c i f i c a l l y ,  t h e  

tube  74 t e rmina tes  i n  a nozzle  which i s  a d j a c e n t  a ho t  

w i r e  76 which is surrounded by a w i r e  mesh wick ( n o t  shown). 

A small amount of f u e l  is deposi ted on t h i s  w i r e  mesh w i c k  

when it is d e s i r e d  t o  start  t h e  hydrogen genera tor .  Fue l  

i s  then i g n i t e d  and when a temperature senso r  80, which 

may be any of t h e  w e l l  known temperature  s e n s i n g  dev ices ,  

such as a t h e r m i s t o r ,  a pho toce l l ,  o r  a b i - m e t a l l i c  dev ice ,  

i n d i c a t e s  a h igh  enough temperature i s  reached,  then  t h e  

main supply of hydrocarbon f u e l  from pipe  6 2  is enabled to 

t ake  place.  

A f t e r  t h e  s t a r t i n g  flame has  been c r e a t e d  by t h e  

h o t  w i r e  device 76 and t h e  primary hydrocarbon f u e l  supply  

has  commenced, and t h e  emission from t h e  spray  nozzle  74 

has  been i g n i t e d ,  a second temperature s e n s o r  82 comes 

i n t o  use. This  temperature sensor  is provided t o  i n d i c a t e  

when t h e  main flame, due t o  t h e  burning of the hydrocarbon 

suppl ied  through the  nozzle  6 2  has heated up t h e  combustion 

chamber walls to a s u f f i c i e n t  degree so t h a t  t h e  gas 

t expe ra tu re  a t  t h e  s enso r  8 2  reaches a s e t  value.  When t h i s  

temperature sensor provides  an output s i g n a l  i r rd i ca t ive  of  
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t h i s  f a c t ,  -;hen t h e  water nozzles  66,  6 8 ,  can  commence 

supply of water. 

Figure 3 is a schematic  drawing of a c o n t r o l  

t h e  

arrangement for t h e  hydrogen gene ra to r  shown i n  Fig. 2 .  

Upon tur . i ing t h e  i g n i t i o n  key 83 for t h e  v e h i c l e ,  a double 

pole  co8,ble throw swi tch  84, (shown i n  t h e  open p o s i t i o n ) ,  

is oyemted .  This  ene rg izes  a s t a r t  up r e l a y  86, and 

charges a capaci-cor 88 from a power source 90. The s tar t  

up rela-* enables  c u r r e n t  t o  flow to  a c t i v a t e  t h e  h o t  w i r e  

ignite-:, 76 ,  and also enables  t h e  start  up of t h e  f u e l  p u p  

2d. w h k h  draws fuel f r o m  the tank  14. A l s o ,  enabled t o  be 

s t a z t e d  a t  t h h  t i m e  is  t h e  a i r  compressor 36. The start  

up r e l a y  86 also  enables  a r e l a y  92  t o  be operated.  This 

r e l a y  ene rg izes  i g n i t i o n  f u e l  va lve  9 4  fo r  a s h o r t  time 

whereby a s r i a l l  q u a n t i t y  of hydrocarbon f u e l  is  a p p l i e d  

t o  th:? wick surrounding t h e  h o t  w i r e  i g n i t e r  76. 

The teidperature s e n s o r  80 provides  an  ou tpu t  

s i g n a l  when it senses  t h a t  a flame i s  p r e s e n t ,  which o u t p u t  

signal is ampl i f ied  by an a m p l i f i e r  96. 

a m p l i f i e r  $ 6  ene rg izes  a r e l a y  98, which enables  the’ main 

hydrocarbon f u e l  s.-Genoid va lve  1 0 0  to  be opened. 

The ou tpu t  of 

Therea f t e r ,  when temperature  senso r  82 senses  

that +‘-‘e main flame has  hea tzd  up t h e  chamber. t o  z s u f f i c i e n t  

del,r-ee, its outpu: is  app l i ed  t o  an a n p l i f i a r  162, whcse 

output  enable; t h e  water pump 38 t o  be tur:red on .  Another 
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_ .  a m p l i f i e r  1 0 4 ,  also ampl i f i e s  t h e  output  of t h e  temperature  

s e n s o r  82 and t u r n s  a r e l a y  106  on. Relay 1 0 6  after a 

s h o r t  d e l a y  enab le s  a valve 108 t o  be turned  on, which 

enab le s  hydrocarbon f u e l  t o  f l o w  through t h e  nozz le  72 

5 i n t o  t h e  reforming region.  

The t u r n  on sequence enab le s  a mixture of p a r t i a l  

ox ida t ion  combustion gas  and steam t o  be e s t a b l i s h e d  first 

be fo re  t he  reformer-hydrocarbon stream is s t a r t e d .  

a d d i t i o n ,  t he  reactor w a l i  s u r f a c e  70,  as a r e s u l t  is  

thoroughly heated up before  the major reformer-hydrocabon 

stream is  introduced.  t y  t h i s  procedure,  soot formation 

is avoided. The whole sta-ing sequence occurs w i t h i n  a 

f e w  seconds. 

In 

10 

When it is desired t o  s h u t  down, t h e  s t a r t - u p  

15  sequence is  e s s e n t i a l l y  r epea ted  i n  reverse .  Wnen t h e  

i g n i t i o n  key 83 is tu rned  off, t h e  double po le  double 

throw switch 84 is opera ted  t o  t h e  p o s i t i o n  shown. Capac i to r  

88 enables  a t u r n  off r e l a y  110  t o  be opera ted  ove r  as l ong  

a n  i n t e r v a l  as is r equ i r ed  f o r  t u r n  off. Th i s  r e l a y  enab le s  

20 a pu l se  g e n e r a t o r  1 1 2  t o  start  gene ra t ing  pulses .  These 

pulses are app l i ed  t o  counter  1 1 4 ,  which i n  response t o  

them co,mences t o  count up. 

count ,  re lay  1 0 6  is enabled to be de-energized and t h e  

reformer valve 1 0 8  is closed. Iiowever, a h o t  stream of 

On t h e  oczurrence of t h e  first 

25 gas w i l l  still flow through t h e  whole r e a c t o r  t o  promote 

g a s s i f i c a t i o n  of any tars o r  soo t  t h a t  may be  depos i ted .  



On the ' s econd  count ,  t h e  water pump 38 is 

turned off .  On t h e  t h i r d  count,  t h e  r e l a y  98 is  

deac t iva t ed  whereupon t h e  main f u e l  va lve  100 is turned 

off. 

two s t e p s ,  t h a t  is, when t h e  r e l a y  98  r e c e i v e s  a turn-off  

s i g n a l ,  i n s t e a d  of t u r n i n g  off  t h e  main va lve  100  completely,  

it may t u r n  it down only  p a r t i a l l y  fo r  a f e w  sec-ids so 

t h a t  a small a i r - r i c h  flame w i l l  be p r e s e n t  i n  the combuster 

space wi th in  t h e  hydrogen r e a c t o r .  

gases  w i l l  then  sweep through the whole u n i t  for a f e w  

seconds to i n s u r e  combustion of any d e p o s i t s  of t a r  or soot 

with  t h e  a v a i l a b l e  excess  oxygen. 

If d e s i r e d ,  t he  t u r n  off may be made to proceed i n  

5 

Air-rich hot combustion 

10 

The main va lve  100 i s  then  t u r n e d  off completely.  

Upon t h e  f o u r t h  count ,  the  f u e l  pump i s  -curried off ,  as 

w e l l  as t h e  a i r  compressor, r e l a y  1 1 0  is tu rned  off r e s u l t i n g  

i n  the  p u l s e  g e n e r a t o r  being turned  off .  

that  upon a c t u a t i o n  of the  i g n i t i o n  start key, the  c o u n t e r  

1 1 4  is reset. 

15 

It should  be noted  

20 

25 

Figure  4 shows another  embodiment of a hydrogen 

gene ra to r  i n  accordance w i t h  This i nven t ion  which has a 

d i f f e r e n t  ra t io  of l eng th  to diameter ,  b u t  b a s i c a l l y  

ope ra t e s  a long  the  same p r i n c i p l e s .  Nainely first, c r e a t i n g  

a p a r t i a l  ox ida t ion  flame reg ion ,  Which i s  used t o  v a p o r i i c  

water i n t o  steam, which is then used  t o  reform a hydrocarbon. 

As befo re ,  t h e  reactor v e s s e l  has a n  o u t e r  w a l l  1 1 6 ,  and a n  

i n n e r  w a l l  118, spaced therefrom, between which t h e r e  i s  L' 
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- .  thermal  i n s u l a t i n g  material, 120. A t h i r d  w a l l  1 2 2  is 

5 

10 

15 

20 

25 

spaced from t h e  i n n e r  w a l l  118 t o  provide a passageway 

through wnich a i r  can  pass  a f t e r  it is pre-heated by 

pass ing  through a h e a t  exchanger provided by an ar range-  

ment of b a f f l e s  124 and t ubes  126. Air is pumped i n t o  

t h e  s h e l l - s i d e  of t h e  h e a t  exchanger through a flange 128. 

The a i r  is f u r t h e r  pre-heated by pass ing  through t h e  annulus  

formed betdeen spaced w a l l s  118, 122. The air is emitted 

i n t o  t h e  r e a c t i o n  chamber on bo th  s i d e s  of a nozz le  130, 

through which t h e  hydrocarbon f u e l  is i n j e c t e d  as a spray.  

An i g n i t e r  132 is  used to i g n i t e  t h e  air-hydrocarbon mixture 

t o  provide a p a r t i a l  ox ida t ion  flame i n  t h e  r e g i o n  i n t o  

which t h e  a i r  and hydrocarbon f u e l  are emitted. 

The p a r t i a l  ox ida t ion  flaiie e s t a b l i s h e d  by t h e  

i g n i t e d  hydrocarbon a i r  mixture provides  h o t  coinbustion 

gases i n t o  which water sp rays  are i n j e c t e d  through n o z z l e s  

r e s p e c t i v e l y  134, 136. The water i s  vaporized i n t o  steam 

by t h e  h o t  combustion gases. The hydrocarbon is i n j e c t e d  

i n t o  t h e  r e s u l t i n g  gas  through nozz les  r e s p e c t i v e l y  138,  140. 

A reforming r e a c t i o n  then  t a k e s  p l ace  i n  t h e  r e g i o n  down- 

sti-earn of t h e  nozzles  138 and 1 4 0  which r e s u l t s  i n  t h e  

Droduction of t h e  hydrogen r i c h  gas.  Th i s  gas  then  passes  

-:nrough the  tubes  1 2 6  of t h e  h e a t  exchanger t o  be cooled  

by t h e  incoming a i r  flow. A product gas a c c u m u l a t e s  i n  an  

end zone 142 and is discharged through t h e  f l a n g e  11+4 from 

whence it >asses  t o  t h e  engine f u e l  pneumatic atomizer. 
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Arrangertents f o r  s t a r t i n g  and c o n t r o l l i n g  t h i s  

embodiment of  t h e  inven t ion ,  i n  connection wi th  an i n t e r n a l  

combustion engine ,  are t h e  same as i n d i c a t e d  i n  connect ion 

with Figure 3 .  

of genera t ing  a hydrogen r i c h  gas f o r  an automobile engine  

i s  not  r equ i r ed  t h e  start up and t u r n  off procedure need 

not  be so e l abora t e .  

i 

Obviously, i f  a start up for t h e  purpose 

F i g u r e  5 is  a drawing, i n  s e c t i o n ,  i l l u s t r a t i n g  

ana the r  e,zbodiriziit of a hydrogen rich gas  genera tor .  AI 

electric n o t o r  1 4 1  d r i v e s  an a i r  pump 36, a gasoline pump 

2 8  a.id a water pump 34 t o  provide t h e s e  f l u i d s  t o  t h e  gas 

genera tor  o v e r  t h e  r e s p e c t i v e  g i p e s  143, 145  and 147.  The 

hydrogen r i c h  gas gene ra to r  inc ludes  L L J  p o r t i o n s  r e spec t -  

ivelli 1 4 8  and 150 which i n c l u d e  chambers which have t h e  

same a x i s  and communicate a t  one end wi th  each o the r .  

The first p o r t i o n  has c y l i n d r i c a l  walls 152 

which enclose a f i r s t  chamber. A t  one end of t h i s  chamber 

i s  a pneumatic a tomizer  154, t o  which a i r ,  as t h e  o p e r a t i n g  

f l u i d ,  and t h e  hydrocarbon f u e l  are suppried t o  a t o n i z e  

t h e  f u e l .  

The sccond por t ion  1 5 0  of the hydrogen g e n e r a t o r  

has  o u t e r  c y l i n d r i c a l  wa l l s  156 .  These enclose i n n e r  

c y l i n d r i c a l  w a l l s ,  1 5 8 ,  which a r e  spaced therefrom and d e f i n e  
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a second-chamber, which i s  t h e  burning chamber. Between 

t h e  f i r s t  and second walls i s  a s p i r a l  w a l l  1 6 0 ,  which 

d e f i n e s  a s p i r a l  passage. 

t h e  s p i r a l  passage ove r  t h e  p ipe  142, t o  be d i r e c t e d  around 

A i r  i s  pumped i n t o  one end of 

5 t h e  i n n e r  walls 158 and t h u s ,  i s  prehea ted  by t h e  i n n e r  

chamber walls which surround t h e  burning chamber. 

preheated a i r  is d i r e c t e d  over  a p ipe  162 t o  t h e  pneumatic 

atomizer 154. 

Some of t h e  

The f u e l - a i r  mixture c r e a t e d  i n  t h e  first chamber 

10 i s  passed i n t o  t h e  second chariber through an air s w i r l e r  164. 

This  comprises a t o r o i d  wi th  a p l u r a l i t y  o f  passages which 

are angu la r ly  d i r e c t e d  from t h e  o u t e r  per iphery  of t h e  

t o r o i d  r i n g  t o  t h e  c e n t r a l  opening. Preheated a i r  from 

t h e  s p i r a l  passage passes  through t h e s e  angu la r ly  d i r e c t e d  

openings and causes  t h e  a i r - f u e l  mixture  pass ing  through 15 

t h e  central opening of the  a i r  swirler 1 6 4  t o  be  swi r l ed  

as it e n t e r s  i n t o  t h e  burning chamber. 

o t h e r  s u i t a b l e  i g n i t i n g  means i g n i t e s  t h i s  mixture  and t h e  

A spa rk  p lug  166 o r  

ho t  gases  which are c r e a t e d  pass  f u r t h e r  i n t o  t h e  chamber 

i n t o  which t h e r e  i s  sprayed a mixture  oi gaso l ine  and water 20 

through a second pneumatic a tomizer  168. 

The gaso l ine  and water are supp l i ed  t o  t h e  

pneumatic a tomizer  ove r  p ipes  1 4 5  and 1 4 7 .  Preheated a i r  

i s  a l so  provided as t h e  a tomizer  working f l u i d  ove r  a p ipe  

25 170. 
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The hot  gases i n  t h e  second chamber conver t  t h e  

water spray  i n  t h e  fuel-water  mixture i n t o  steam. The f u e l  

i s  vaporized and a steam reforming a c t i o n  takes p l ace  

w i t h i n  t h e  reactor space formed by t h e  burner  chamber. 

Hydrogen r i c h  gas passes  ou t  of t h e  opening 172 to t h e  

equipment which i s  going t o  use it. 

5 

For s ta r t  up, t h e  v e h i c l e  i g n i t i o n  switch w i l l  

also ene rg ize  the  motor 1 4 0  which causes  d e l i v e r y  of a i r  t o  

t h e  hydrogen generator .  

t o  allow a i r  p res su re  t o  b u i l d  up t o  a predetermined va lue ,  

such as 5 p s i g ,  o r  when t h e  p res su re  is sensed by a p r e s s u r e  

s e n s i t i v e  switch,  (no t  shown) t h e  engine c ranking  system is 

a c t i v a t e d ,  t h e  engine and hydrogen gene ra to r  i g n i t i o n  

systems are a c t i v a t e d  and a magnetic c l u t c h  t h a t  couples  

After  a s u i t a b l e  de lay  i n t e r v a l  

10 

15  t h e  water and f u e l  pumps, r e s p e c t i v e l y  3 4 ,  28, t o  t h e  motor 

dr ive  are ac t iva t ed .  

i n s t an taneous ly  and t h e  engine then  b o o t s t r a p s  itself to 

t h e  i d l e  condi t ion .  

T h i s  produces hydrogen s u b s t a n t i a l l y  

While t h e  hydrogen gene ra to r  embodiments of the 

2 0  inlrention have been described i n  connect ion w i t h  a spark 

i g n i t i o n  i n t e r n a l  engine,  which uses  a l i q u i d  hydrocarbon, 

called gaso l ine ,  t h i s  is n o t  t o  be construed as a l i m i t a t i o n  

on t h e  invent ion  s i n c e  i t  w i l l  ope ra t e  wi th  o t h e r  l i q u i d  

hydrocarbons, such as diesel  oil, o r  j e t  f u e l  t o  prodilce 

25 a hydrogen r i c h  gas. A l s o ,  the  hydrogen gene ra to r  may be 

used wi th  o t h e r  types  of combustion engines  such as d i e s e l  

-16- 



5 

10 

or j e t ,  or gas t u r b i n e s  i n  stationary o r  automotive 

a p p l i c a t i o n s .  Th i s  invent ion ,  by reason of us ing  a 

p a r t i a l  ox ida t ion  process  fcr gene ra t ing  t h e  energy 

r equ i r ed  f o r  t h e  steam reforming r e a c t i o n ,  e l i m i n a t e s  

t h e  complicated s t r u c t u r e  r equ i r ed  p rev ious ly  wherein 

t h e  energy f o r  a steam reforming s t e p  is supp l i ed  from 

the  combustion gases  from a s e p a r a t e  burner  by h e a t  

t r a n s f e r  through a h e a t  exchange s u r f a c e  t o  t h e  high 

temperature  steam reformer gas. 

There has t h e r e f o r e  been desc r ibed  h e r e i n  a 

novel and u s e f u l  hydrogen r i c h  gas genera tor .  


